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Enhanced Phosphorous Uptake and Growth
Improvement of Creeping Bentgrass after
Application of Liquid Fertilizer Containing
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Abstract

This study was conducted to evaluate the effect of liquid fertilizer containing humic acid
and Saccharomyces cerevisiae broth (LHS) on changes of turfgrass growth by investigating
visual quality, chlorophyll content, dry weight of clipping, and nutrient content in leaf
tissues. Treatments were designed as follows; control fertilizer (CF), HS-1 (CF+1.0 mL m?
LHS), HS-2 (CF+2.0 mL m? LHS), and HS-3 (CF+4.0 mL m? LHS). After treatment of LHS on
creeping bentgrass, soil pH in the treated plots was decreased than that of CF. As compared
to CF, visual quality, chlorophyll content and content of N, P and K were not significantly
different in the LHS treatments. However, clipping yield and phosphorus uptake of HS-2 were
significantly increased by 22% and 33%, respectively. These results showed that application
of LHS improved the phosphorus uptake and growth of creeping bentgrass, which would be
an alternative management tool for the cool season turfgrass under stress conditions.

Keywords: Creeping bentgrass, Humic acid, Liquid fertilizer, Saccharomyces
cerevisiae
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aff o 17} a1 27t -golsl| whzell 257, 7, o B SRt 22 A= AV o) 2|ujAlER go] o] 851
ACHADN et al., 1992; Shim and Seo, 1995).

AT 2 XA Ale 7] Xt] = ke ookl Lko of| 11 __E/\@:O-,—J—]-ﬂﬁ]/d CloRl AEF|AS HH| Q_—ﬂ_ o]8] o]—/\H%Q_]-
730l Zdje] st A |AI51 | flaiale 2et rejae} 7t 525 HAhn etal, 1992). o5 95l EQdE], AlH]
e, ete] W B Eeie] Sk 2 S ATHE7 aE| A Qlom, o] Foji e EiE|et AlH|HE)= 1
Big] Aol 7H 2 JFS F= 248t 34 ltHAhn etal,, 1992; Kim et al., 2018; Lee et al., 2008). £31, EY ZH]<]

2|7} 8 she o2 AR g8 o] B =& Hefohs o] 7FE S-251A|NE B Al vish 79 9l X
o] A& EAJo|| ufe} ch2A| skl 2 (Kim et al., 2002 Lee et al,, 2012) 71733 ] 2a] 2] 2 QJsiiA= 2 Agh AlH|2
2)7} 2 2517 FcHKim et al., 2010b; Kim et al., 2018).

o) =AH] 2(Kim et al, 2003), 7] EAH] & (Yoon and Kim, 2007), ¥A1AH| & (Kim et al., 2018) 2 0|AEH] 2(Kim et

o, 20105 5l 3 o cle) B3} RS S 7l B Eolch ol 2 ek} Al 1ol
SHa7olM wie) 452 Ahlsto] 45k R g o) Uite] oS SO M Wrio] A% BRSNS Slo=

LA ATHKim et al., 2018). 53], —H‘Wg EF Tl 22 Al Bl &2l ozt o] A1, o] Zof| Eaxsio]
Zrje] e e =9, o) "3%4% S 7hdshe 2oz A QIHKim et al, 2018). 012 BlEo] R EH &
= TN §71E2 Esfisto] Ztlol Bt Y22 Y EY Hew el AF2Rgo = shE offshr| = St
(Jeong etal., 2017). 1 ZoA = EE—FL(Sacchammyces cerevisiae) 2 Bacillus sp.Lt 74} BiEo] Wo] ARgE = 5
& nYERA AlE0] ARl Aok Al 5.5 22 ohe ABAYE 282 indole acetic acid (TAA)E Y4ks
2 492 F)A15H= A 02 okejA] QIrHDeka Bouruah et al, 2010; Kim et al, 2010a; Prusty et al, 2005). -AJA-S T}op
28715 281 Jlo] mPAES ol-&5to] AFe} sk A nd=e] EH|= E-8ol 7]~—0F'(K1m etal, 1998 Leeetal,
2000), BRI RAS H g 2 AR gketo] H2joh= 42 ZPEH Ak AY8-2 SN 4> S A o2 st tiDeka
Bouruah et al., 2010; Kim et al., 2018).

weba] 2 A Bkt & e ulokel e SRk AfH| (liquid fertilizer containing humic acid and Saccharomyces
cerevisiae broth; LHS)E 32|73 HlE 2fi20f AlH[s}le wf, 7h] o] A8t B4 55 FAslo] A Gl & o vy
St Hu) o k|t ) RIE T2l 00 e 45 §J4*— 7 IStalAt A= ATk

ol >

Mz S e
M1 SAM=

2 A= 20151 62FE 119714] 6701 52t tig ] 2] 8/ @ oiu|F 2] A Aelsoll 438 it &
A Z)= tiEAto| AACCOlA] 1997 TS| of OF 1917t 54| 7gol| A kel el F2] HlE TefA(Agrostis palustris H.)
Penncross’ F5-2 °l-&sIth T AJgo] ot -2 3F57] flol FAH]F= EoH] Elcompound fertilizer:
P,0.K,0=21-17-17, GIaahists}, A, dh=let #-A1 K humic acid, 5%, thud)J—} G HiFH (S, cerevisiae broth)
7 °“H][]1qu1d fertilizer containing humic acid and S. cerevisiae bro‘rh( P,0,K,0-B,0,Mo=1-540.050.0005, &
7 2|, i, 1S ARSSIIT. LHS = Aol 231 AL ?Jf—iﬁ} 3&4(5 cerevisiae) HiJo] Zk2} 10%2}
30% =0 AL, B 7 O] 7= AldES FHH|ECH

a7 4%
2| 7= 5.0] 5 Y Alu|ol| whet -4 2] (no fertilizer; NF), th2-Hcontrol fertilizer (CF); N-P,0,K,0=21-17-17],
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CF %12 & LHSE- 1,0004} 3413+ {2}-11 (HS-1; CF+LHS), 500uH 3]A18k %252 (HS-2; CF+2LHS) % 2508} 3|45} %] 2]
T3 (HS-3; CF+H4LHS) 2.2 TL23513ich
A o] AR Bl 1/6000 a (915 cm)=L712] A1EE- ZEQIN, Ao Hixl= HHE) 0 2 519

Tk A1 ZE 0] 244220154 6 1790l AlE& HefS L Eof 2715kl 2U7H BTk & A A&kt 7€) (610.8 cm)
& o]-85to] tigAto| AACCollA 23 F2)3g HIE 12 A (910.8 cm, depth 3 cm)E 62 22Yol| o] 4511, Erato] 2
5% 69 29%7E] ZHIAIE 9 A8S ZARS S35 SAH R 5 53] R 20154 69 30, 8¢ 10 92 20|
3.5gNail. m?¥ 33] AJH]aF3ict. LHS= 20159 62 3095 109 26947H4] 7974 2 2 HS1 (1.0 mL m? LHS), HS2
(20mL m? LHS) ¥ HS3 (40 mL m? LHS)E 1,000 mLe] 45%&0l| s|Aste] EX27HE F 178] BFAH|(E]A 1,000
mL m?)t3ich A7 IRE 5 Re] 3538 EXEHE ol 8sto] £ 52 230131 Y127 EeHA] REE HeElekd
h oz 4REE 2 A5H 719)E o|-8510] 20.0 mm 0] 2 AAISHAL, A7 IR 5 WalE-2 WAYeHA] Bttt

3y
=5

NEENLIERTT
2] A4S AR 38 AT o] FhA B, AEA o X2 3l 1) o) 24 5 A W 5422 A

o X

ek 7t} o] 71A) 2] 228 National Turfgrass Evaluation Program (NTEP)ollA] ZAJGH o]l Z310] 20161 692 229,
6% 302, 72 6%, 72 132, 79 202, 79 279, 8% 3%, 8% 102, 8 172, 8% 249), 8% 31%, 9% 7%, 9% 152, 9% 23
2 99 30, 10¥ 10¥, 10€ 20%, 10 26Y0l| = 183] ZAKsItH1=worst, 9=best and 6=acceptable). Tt} 2] 245-2
7Fsb7] s H 2015\ 8 4%, 99 23 9l 11 3] 7H] o2 T2 Z- 32] ARSI o] uf AFHE Al 85 -85
PR TS ZAEIE I oR 2 T2 AP | flsl €322 2 455 71915 ol8519] 200 mm 0| = ZjH
311, Al ZE o] 2 AT & 75°C =20 2.2 (JSON-150, JSR, Gongju, Korea)ollA] 24417t AZx510] 1E85S =7
SRt Ftje] A=A slefe] 242 dRFe] 2 Al8-E DMSO (dimethysulfoxide) & 5% S0 = WtAollx] 48 A)ZF
FZ35}o] UV-spectrophotometer (X-MA 1200, Human, Seoul, Korea)E AF8-5101 645 nme} 663 nmel|A] S4=25 57
St ofefjet -2 Ao 2 JEA afth W F HEA TS AlstelItHAmon, 1949).

Chlorophylla=12.7 A, -2.69A, .

Chlorophyllb=229A_-4.68A

Total Chlorophyll (a+h) =20.21 A_+8.02A,

HE NFollA] FAH]E 22]o] ofg B Hisks 2AFs7] <1 AlE A (20159 6€ 1792 A1 S5 (20159 119
10%) & 23] AAslleh AHE E AEE A4S flo 2410k 438 2 2 mmAlE B2t Al &5 o-&5i3ith 24
=2 pH, H717 = = (electrical conductivity; EC), -7 1&{(organic matter; O.M) &, 7128 4 (total nitrogen; T-N), &
QliHavailable phosphate; Av-P,0,)3! 218Hg ZH&{exchangeable potassium; ExK) & 0|1, B4 2 £ 318t &
AJRI(NIAST, 1998)°1l =5t0] AAJS3ITE pHe} EGe 1522 OM2 Tyunn‘?j_i T-N Kieldahl S-FH2 =2, Av-

P,0.+=Bray No.1 0 &, X8 Z-5-2 IN-NH,0Ac JER 0 & 7H7} A5k

AEA 242 A T2 1711 10€ 312 A E 7 ofjA] 25 1x510] 24 Al B2 o] 85i3ith A Jdae 2t

O] 29 YR A, I W ZF 55 EFSIICE ] AlEA 2492 Al EA AT (NIAST, 1998)°1 =5t0] AlA|

r

_V_‘

g
5L, AA-E= Kieldahl 3792, 912 UV-spectrophotometer (X-MA 1200, Human, Seoul, Korea)E- ©]-8-5}0] Hht
TEgEeE o 2 ZHE-2 o3t A|(flame photometer; PFP7, JENWAY, Staffordshire, UK)S- 0|-8510] 22+ 2415}
Ak

EA|x|2}= SPSS (ver. 12.1.1, IBM, New York, USA)-2 ©]-85}0] Duncan TFEEAAS o) 2|17t Ho4gke] gojat=
Al
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-

ol ol nx

E90| 27| 42 3

A& B2 pHRFECTH 242E 7,69 0.22 dS n' & ZHCj Al 7 7 s 3 EQFo] itk AlY X3t So] Eqfe] slsha] E4d

71 =% (BC), A, 7718, faQlat 9l X2d ZHgolli] Al Ak $o] 2fol= LERER] (9l EQANE (pH)= Al
3 S0l LHS A 27HHS 1, HS2, HS-3)olx] 74513 oH, Alf F5 & X271 EYstald o] k= tire] HEollA]
EAZ 02 Qo]0 2lo]E Ho|x] YITHTable 1). Kim et al. (2018)2 AR SRG5H= olH| S T 2] HlE TajAo
2]2] Al Ee] pHolls 3 x| ehethal Busto] Al 35 & EYR] pH7F7H4sh 212 FALMETH= §25KS.
cerevisiae)2] 30 2 THHTE, Trichoderma spp.t+ Bacillus sp-5-2 $Ha5h= H| 25 S| @70 Xgjshe 4< &
] pH7F A O, of= HPYEo] A4S 2Pgol|A] Thfsh 8714k WhAYs}7 | mhz o & ke THLee et al, 20158, b
Kim et al., 2016).

rlo

QL

LHS AlH] & ) o] 7RA14] 22 ZAF A7 ]0] w2 thas 2ol Lot 7.1~7.39] Q)2 AR ITKTable 2). 7412
THNF)<} vl w3 o, LHS 42} 7HHS 1, HS2, HS3)= 714 F20] 6-88oll= Bl&sh L 57151311, 98 o] SR El= 7
AR 3715t A% 717 SRt o= 7hA1A FEe HlwE w NF X|ej5LErt LHS #{2]toild S7tsi3ict. vt
Rl LHS 22]7-5 th27HCF)2h vl 74 9-oll= 4 238 7Rt 59t $A1 0 2 2129l 20|15 LiehfiA] oot LHSS]
Z2ol| whe 1t Fo) WakE 2eld 4 Rl -8/ FAte] A2t ipe)o] s B E Rt Rl F47H 57t
sto] F2|g MIE iAo FA B S-S F7HIZITE(Kim et al., 2018; Liu and Cooper , 2000) 211 HF QLo & A
Tolte L ZTE 2N 4 3Ntk o= & Aol ARG 71567 HlBolke 1trle] 7RAA Fhol dFE T
ol Aol ARG FAIRT B e R RE37) w0 2 WeHEITHKim et al, 2017b; Kim et al., 2018).

LHS AJH] & 3tr]o] 84 a, 84 b Yl SUFAE ZAL Aol et tha ol & UERizlom, 89 823} 92 18Y
A =941, 71 20] a2 SRR o] o] Zdaf ashe 119 5Y Aol W] LiekstthTable 3). 7H)<] A

i

o

Table 1. Chemical properties of soil analyzed before experiment and after treated liquid fertilizer containing
humic acid and S. cerevisiae broth.

H EC O.M. T-N Av-P20s Ex-K

Treatments (11)35) dSm’) (gkg) (mgkg ) (cmol-kg )
Before 7.6a 0.22a 2.3a 0.1a 19.5a 0.51a
After
NF 7.6a 0.22a 2.8a 0.1a 16.4a 0.69a
CF 7.3a 0.15a 2.3a 0.1a 19.5a 0.51a
HS1 6.8b 0.14a 3.1a 0.1a 22.6a 0.39a
HS-2 6.4c 0.15a 3.1a 0.1a 19.5a 0.48a
HS-3 6.3c 0.15a 2.7a 0.1a 22.6a 0.59a

CF supplied was applied at 3.5 g N ai m” rate on June 30, August 10 and September 20, respectively. Three LHS
treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August 3, August 10, August
17, August 24, August 31, September 7, September 15, September 23, September 30, October 10, October 20, and
October 26.

NF, no fertilizer; CF, control fertilizer; HS-1, CF+1.0 mL m” liquid fertilizer containing humic acid and S.
cerevisiae broth (LHS); HS-2, CF+2.0 mL m? LHS; HS-3, CF+4.0 mL m? LHS.

a-c: Means with same letters within column are not significantly different by Duncan’s multiple range test at
P=<0.05 level.
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SAIE 7I7HS LHS A 2|4Le] AE4 o, A5 b B SHFA| Wtk 28211,2231,375 pg g, 402-453 ug g, 1,626°1,828
pg '] = 2AR=|o] NF (1,132 pg g, 397 pg g, 1,596 pg g)olut CF (1,311 pg g, 444 pg g, 1,754 pg g et Hla Al A
2|7 2lo] 5 UERA] (3t} HS 1 A2]ihes BE ZAP T 59t CFET G54 o] Z71ske A3ke B3outd
dAnol|A BAH & §ol Al o= LFERER] QQITHALE = AATSHA] %).

LHS ] 2jof| w2 zht] AJSkS ZAksl7| ol K] o2 &5k 2AKH 21} 16.5-38.2 gm20 &2 FAFE| ItHTable 4). 8
Y 4 FAPIM= HS2 A ]tollA] CF Ae)+ 2ot Z715131 0, 99 18U} 119 5% FAlelA= LHS A e}7o] o2l &5
o] CF A2|7et 5AH 0 2 -§ol2Q] Xfo| 5 UER|R] 2ttt HS3 #2712 o2& gtao] 89 4% FAfollx] HS2H T
51 CFob-RARRE AXtE Hof uls7 opd Faj3 WIE D2 AS 2 Eoj o] At & Zhr] o] Zgat mbgol|A] Lrehd Xa] 713t
Zpo] &2 BRItk Al F8 F AIF7REF £E & X B HS2 X2 22T 220 A= 271513101, HS 1 A
2lLel HS3 A2t tiztet 8714 0 2 fo4Ql Aol 5 LEflA] elotet. BIE LHSE A 2jdt =& A2) oA 22
3 HIEOe| A0 o] E o] FAA o= 192l 2lo] & ek 212 oFA|RF LHSE #2] & T2} 9-22% 7 = o]
A &2] Z7+g Bk FAlto] AlEo] A2|=| S 749 AlEe] 5F, T - H Bl 52 7idste] AlEe] s
ojut AJS- Z71A17] 21 (Asenio et al., 2000; Cacco and Dell’Agnolla, 1984; Kim et al., 2017a; Russo and Berlyn, 1990;
Tiirkmen et al., 2003; Vaughan, 1974), &2+ 2] A] 2J5}52] A&0] 7 x| o] ] A go] F7hl= 2 o= U A 9l
CHKim et al, 2010b). A AFAFE2] Axta 2798 uff, LHSC] X2|A] FA skt G w o] 2-8.0 2 J 2|y HlE JafA0)
A[5HE Ag50] 7idE]of 2 oA Eo] STt A o' ATt

LHS 22| 2t 5ok 771 A4 ok A 23}, A4, o1 9 252 7121 1.99-2.37%, 0.150.25% 3 1.68-1.87%2]
HI91E UEATHTable 5). LHS X 2]ojlA] 4o}t ZHg-2 NF A{2}tet EA14 02 2] 2Rl 2lo| 5 UefdiA] 93k,
Q2 NF | tEr} 37Fsk om, CF x2|7ret vl st 749 HS1 A2j7tet HS2 el e 5A4 02 folZQl alo] 5
LFERAA] 5941, HS-33 2] 7oA Q1 ko] 0.25%2 S7FsE3ict. LHSe| 42| & A, 91 Y ZHEe] 432 034080 g
m?, 0.03-0.09 g m?, 0.300.70 g m2&2 FAFE] 3L, LHS %] 7= NFETHE420] 21210.08 g m?, 0.09 g m2& 271513
Tk CF X 2]7re] 2 St vl gt o, AAe ZHge] 43 CF A 2] 7ot BAK O 2 fo)2]] 2lo]5 UehfA] &
AL, Q1) FAFE HS2 #2712t HS3 A2tolli] F71siith 1htjolla] A ] A= Qo] 45 Ftial7laL

Table 2. Visual quality of creeping bentgrass as applied liquid fertilizer containing humic acid and S.
cerevisiae broth.

Visual quality (1: low - 9: high)

Treatments

Jun Jul Aug Sep Oct Mean
NF 7.11a 7.21b 6.82b 6.97b 6.94b 7.01b
CF 7.15a 7.26ab 7.17ab 7.17a 7.16a 7.18a
HS1 7.12a 7.24ab 7.19ab 7.26a 7.18a 7.20a
HS-2 7.14a 7.27a 7.22a 7.22a 7.20a 7.21a
HS-3 7.15a 7.26ab 7.24a 7.22a 7.20a 7.21a

CF supplied was applied at 3.5 g N ai m”rate on June 30, August 10 and September 20, respectively. Three LHS
treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August 3, August 10, August
17, August 24, August 31, September 7, September 15, September 23, September 30, October 10, October 20, and
October 26. Three LHS treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August
3, August 10, August 17, August 24, August 31, September 7, September 15, September 23, September 30, October
10, October 20, and October 26.

NF, no fertilizer; CF, control fertilizer; HS-1, CF+1.0 mL m™ liquid fertilizer containing humic acid and S.
cerevisiae broth (LHS); HS-2, CF+2.0 mL m? LHS; HS-3, CF+4.0 mL m? LHS.

a-b: Means with same letters within column are not significantly different by Duncan’s multiple range test at
P=<0.05 level.
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(Hunter and Anders; 2004), 919] 34> Ztij=2hr] o] #ia] RS- 7)AIA7]= 21 0 2 U#f#] JITHKIm et al., 2010b). T
Kimetal. (2010b)}2 Saccharomyces sp-& 3-oh= FBEAIAE SR @ITiol Aeloh= 749 2trj#iale] Q1 47t 5

Table 3. Chlorophyll content in leaves of creeping bentgrass as applied liquid fertilizer containing humic
acid and S. cerevisiae broth.

Treatments Aug. 8 Sep. 18 Nov. 5 Mean
Chlorophyll a (ug g*)
NF 1,469a 1,428a 499b 1,132b
CF 1,705a 1,419a 808a 1,311a
HS1 1,816a 1,499 809a 1,375
HS-2 1,804a 1,370a 821a 1,332a
HS-3 1,527a 1,400a 743ab 1,223ab
Chlorophyll b (ug g?)
NF 492a 51la 189b 397a
CF 582a 475a 274a 444a
HS1 606a 487a 267a 453a
HS-2 6lla 452a 278a 447a
HS-3 499a 458a 250ab 402a
Total chlorophyll (ug g*)
NF 1,961a 1,939 688b 1,59a
CF 2,287a 1,894a 1,082a 1,754a
HS1 24222 1,985a 1,076a 1,828a
HS-2 2 416a 1,821a 1,099 1,779a
HS-3 2,026a 1,857a 993ab 1,626a

CF supplied was applied at 3.5 g N ai m” rate on June 30, August 10 and September 20, respectively. Three LHS
treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August 3, August 10, August
17, August 24, August 31, September 7, September 15, September 23, September 30, October 10, October 20, and
October 26. Three LHS treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August
3, August 10, August 17, August 24, August 31, September 7, September 15, September 23, September 30, October
10, October 20, and October 26.

NF, no fertilizer; CF, control fertilizer; HS-1, CF+1.0 mL m? liquid fertilizer containing humic acid and S.
cerevisiae broth (LHS); HS-2, CF+2.0 mL m? LHS; HS-3, CF+4.0 mL m? LHS.

a-b: Means with same letters within column are not significantly different by Duncan’s multiple range test at
P=0.05 level.

Table 4. Dry weight of clipping of creeping betngrass as applied liquid fertilizer containing humic acid and S.
cerevisiae broth.

- o _2
Treatments Dry weight of clipping (g m?)

Aug. 8 Sep. 18 Nov. 5 Total
NF 9.4b 3.9b 3.3b 16.5¢
CF 11.0b 11.4a 8.8a 31.2b
HS-1 10.0b 14.9a 9.5a 34.5ab
HS-2 12.9a 14.7a 10.6a 38.2a
HS-3 10.8b 13.7a 9.6a 34.1ab

CF supplied was applied at 3.5 g N ai m” rate on June 30, August 10 and September 20, respectively. Three LHS
treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August 3, August 10, August
17, August 24, August 31, September 7, September 15, September 23, September 30, October 10, October 20, and
October 26.

NF, no fertilizer; CF, control fertilizer; HS-1, CF+1.0 mL m” liquid fertilizer containing humic acid and S.
cerevisiae broth (LHS); HS-2, CF+2.0 mL m™ LHS; HS-3, CF+4.0 mL m?* LHS.

a-ct Means with same letters within column are not significantly different by Duncan’s multiple range test at
P=0.05 level.
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7]’1——5]’021 Z]o _‘?‘_l\(])']%_g. %]:/\O]-/\]?']ﬂ_’ Z]‘D]_,] X]/\]-l:l }\(])-] o EZ]o] 57]'511:*]'1 Eﬂgl_o;]q_. ‘j
HS2 %2|7Let HS-3 2]2] 7ol 919] §4-afo] Z7}st 71 0 2 Ko} LHS x|2|7Le] Zir] 2z
o

X
=

OE%VM% £l 242 ),
8o

kl

487 BAalibo) a9l B9l Fel K humic acid) A1E2] £3l 2ollA] Batel= BAEE 5 shu= ezl
-§9lof| g3f=4= 4 LRI, ~COOH, penollic-OH, alcoholic-OH 2-NH, U -SH 53} 2-2 Tt 287|152k
lo] o] wgks2lo] =2 Z 7 o| & E2lo|thStevenson, 1994). FHARS F&2 AlEo] ZHof| Bxslal 9l o (Shinetal,
2002), oA PES] SAEE A7) L (Hwang, 1999), AlE<] A5k 2 2V/dH-o] 82 FFAIRITHKIm et al,
2018). =31, 4898 JJEl| 2 o]-80] 7}5517| wiZol /du] & o] 88 4= QL1 (Kim et al, 2017b), F-Al4ke] 2 2)i= F2]g
HIE T2l Aol Bia] dhgS ZXI5}0] QRio|uLt o] 54 B 7k o] 83t EAS SThAIZICHZhang and Ervin, 2004).

B FE AFo Hhgo] o] &513 ot 11 o]0 #9744 HtliE|o] HUE nE R E ThdoHA| o 8= gl
(Deka Bouruah et al, 2010), 1%+, f4kda} a0l 598 PSR 7P Hol 085l gl ¥ Eo|cHKim et al,
2010b; Kim et al., 2016). &2+ Z0i|A] S, cerevisiae= 7P QHFA © & Wo| AR &= 58 g ol THE0 2 ARS
517] Brh= Rkt S8oto] B3 3 EAAR o] 8511 9111(Kim et al., 2008), THAFZ ] ol A 2]eh= 79 S g%t
tje] sl st S E—r— ZXI5to] 2] A S-S Exloks 2 0® g JIrHKim et al, 2010b). £3], S.
cerevisiae= A2 S 2RO TAAS ’\C‘,VB‘ She D)= 2 dEA] 9o (Prusty et al., 2005), EAHO| Y-S 55 2H=E2]
TR YRS 7HATEE 4= Q1= TAA A5 o] A7 = 31 thDeka Bouruah et al., 2010). A1E S 2291 JAAS AYAE
stenEe e e s E & %l tof mitie] AlE Qlojubui A8-2 SXIAZ| AL, A22] Smoll et Hie] s
ZZ05h= 1AA 5= TN, A7 5T o JolA e A1E2] Ba] A8-2 AAEHItHDeka Bouruah etal,, 2010).

Kim et al. (2018)2 F-A11t 33 B 5 X 2]sh= 739 ShA|&gxie]o] #ie] ddsto] X)) gt E4o| S7Ishtal B
st AL X2] & ZiTe] a7t sk A2 SAAIge] AlE LE(ODonne]l 1973)0]u} Eeotle] &
(Young and Chen, 1997)0ll B3 BH=rtal g Qi o] FolA SAIA|ES] Al T 222 AlE0] F7] 2|0} 28]
S WIAA TGol R Foll g ¥R ] 35 AsiE ePstoh= A 0 = A o“:HHO etal,, 2015 Kim et al., 2010a).

Table 5. The content and uptaken amount of nutrient in creeping bentgrass leaf tissue after application of
liquid fertilizer containing humic acid and S. cerevisiae broth.

Treatments Nutrient content (%) Uptaken amount of nutrient (g m?)

N P K N P K
NF 2.07a 0.15¢ 1.81a 0.34b 0.03d 0.30b
CF 2.32a 0.20b 1.68a 0.71a 0.06¢ 0.52ab
HS-1 2.16a 0.20b 1.87a 0.74a 0.07bc 0.65a
HS-2 1.99a 0.21b 1.83a 0.76a 0.08ab 0.70a
HS-3 2.37a 0.25a 1.73a 0.80a 0.09a 0.59a

CF supplied was applied at 3.5 g N ai m” rate on June 30, August 10 and September 20, respectively. Three LHS
treatments were implemented 17 times on June 30, July 6, July 13, July 20, July 27, August 3, August 10, August
17, August 24, August 31, September 7, September 15, September 23, September 30, October 10, October 20, and
October 26. Clippings of creeping bentgrass for analysis of N, P, and K was sampled on November 5, 2015.

NF, no fertilizer; CF, control fertilizer; HS 1, CF+1.0 mL m’ 11qu1d fertilizer containing humic acid and S.
cerevisiae broth (LHS) HS-2, CF+2.0 mL m? LHS; HS-3, CF+4.0 mL m? LHS.

a-c! Means with same letters within column are not 51gn1flcantly different by Duncan’s multiple range test at
P=<0.05 level.
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£ Aol A FAV I GRS, cerevisiae) T IS SRR T ol A 2]3 73-9- %t o] gt FHo] P AR 7|
ti=]gl ot sk adrir] o] A48 2 EA F\M Fak= Abtia] 0 2 WUoltHTable 2, 4). o= ¢tol|A AR LHS7} 5143
Zr)e] et Al F-o| G = dh AdRo 7] whE0 2 THECHKim et al,, 2018). E=35F S,
cerevisiae’ F IAAS AJ/d517] SJairle 71424 EYEgto|u flE} 2k %7%9 Q731A|=]=5] Table 10l|4 AA1E

O
Hle} o] Bk 5 R71E gaol ot S cerevisiae?] S/ =71 S947] w0 2 S EtHPrusty et al., 2005).

oz
L
2
Lﬁ
a2

ok
B oA1= BAL § w(Saccharomyces cerevisiae) $H-7 2B (LHS)2] /\lﬂloﬂ w2 Zhr] o] gt FAo| Wigts &
QIsH7]

Qe zhcie] 7HAA B, AE4 S, oA S, SR TR 2 SRS RARKILE AEle qii?( F), LHS

1,0008H #]2]74(HS-1), LHS 5008 %{2}7H(HS-2) 2 LHS 2508 *]2]74HS- 3); %E—El‘ﬂtlr LHS 42| & E¢f pHE= 7

o] ofAMdS LFERAQICE LHS A2l 7tet th2A1E vl wsllS ul, 7HA1Y B4, AEA L J%k e KoK

ol HRI 2fo| S LpERA] ekokan, 7 ez Bafo] Z7HEIRAAL, Q1 Sk HS2 A 2] FollA] 242} 22069} 33904 S7Fs}
.0 S-S TRl & wl, A2 RIE T2 oA AR} & Rt $he- Hu]e] AJH]= 5000l B4l X2 A] Q1e] &

45 225K, TS A S ST 22 291 8 4 itk

A

i B

Lw

ZFQo]: F2)3g HIE QA HAXE o] § W(Saccharomyces cerevisiae)
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